Introduction
============

Uveitis, or inflammation of the uvea (which consists of the iris, ciliary body, and choroid), may be caused by a number of different etiologies.[@b1-opto-8-023],[@b2-opto-8-023] Anterior uveitis is defined by the presence of cells or cellular aggregates that are visible in the anterior chamber during examination.[@b3-opto-8-023] Anterior uveitis is one of the most common types of ocular inflammation that eye care practitioners will encounter.[@b1-opto-8-023]--[@b4-opto-8-023] It may present as acute, subacute, or chronic.[@b4-opto-8-023] An estimated 14--17 cases per 100,000 and 38,000 new cases are confirmed each year in the USA.[@b5-opto-8-023] Uveitis accounts for \~10% (30,000 new cases annually) of legal blindness in the USA, and it may affect all ages, although it is most common in individuals in the third and fourth decades.[@b3-opto-8-023],[@b5-opto-8-023]--[@b8-opto-8-023] Under certain circumstances, the body produces a normal inflammatory response as a protective mechanism to heal itself. In chronic or uncontrolled cases, excessive infiltration of neutrophils, macrophages, and lymphocytes may cause permanent damage to the ocular tissue.[@b3-opto-8-023],[@b4-opto-8-023] Anterior uveitis may be caused by infectious, noninfectious, and masquerade diseases. Diagnosis and treatment of the underlying disease are imperative not only to treat the disease but also to preserve vision and potentially uncover underlying systemic diseases. If untreated or not appropriately treated, acute inflammation can develop into chronic, sight-threatening inflammation,[@b9-opto-8-023] emphasizing the role of the primary eye care practitioner in appropriately and effectively managing these patients.

The primary eye care practitioner is often the first health care provider to see and treat cases of anterior uveitis.[@b4-opto-8-023] In order to effectively manage and treat ocular inflammation, an understanding of the immunoinflammatory cascade is necessary. There are two main components to this pathway: the innate immune system and the adaptive immune system. The innate immune system uses macrophages, mast cells, and neutrophils to destroy invading microbes,[@b3-opto-8-023] and it is able to immediately recognize certain bacterial, viral, and foreign antigens and becomes engaged without a prior history of exposure to an antigen. The adaptive immune system improves its immunological memory of previous encounters to foreign antigens that is dependent on antigen presentation, cell activation, cell differentiation, and cell memory.[@b3-opto-8-023] Repeated exposure to this same antigen leads to an increased immune response and then provides long-lasting immunologic protection to foreign antigens. Antigen-presenting cells, B- and T-lymphocytes, and macrophages are the cells responsible for the adaptive immune system.[@b3-opto-8-023]

The ability of the immune system to use both the innate and adaptive immune systems in response to an antigen in a sufficient manner is one way in which the body regulates itself. When unregulated immune responses take place, tissue injury and disease occur, as we will demonstrate in our discussion of anterior uveitis.[@b4-opto-8-023]

Diagnosis
=========

The diagnosis of uveitis is multifaceted, and important diagnostic clues lie in both the clinical course and the clinical presentation. There are a number of important distinctions that must be made in order to fully characterize the condition; the Name Meshing System for diagnosis of uveitis provides a useful framework for organizing these divisions. Using this systematic approach, uveitis management should involve evaluation of location, duration, pathology, and laterality, in addition to presenting signs and symptoms.[@b9-opto-8-023]--[@b11-opto-8-023]

Evaluation of location is an important first step in the diagnosis of uveitis. Anterior uveitis is an umbrella term encompassing inflammation of the iris (iritis), anterior ciliary body (cyclitis), or both (iridocyclitis).[@b12-opto-8-023] This constitutes an important distinction from intermediate or posterior segment uveitis in terms of severity, threat to vision, and long-term sequelae, all of which are poorer for the more posterior iterations.[@b13-opto-8-023] Microscopically, aqueous cells are diagnostic of an iritis, often accompanied by aqueous flare composed of albumin.[@b13-opto-8-023] Although anterior vitreous cells serve as an evidence of cyclitis, they are rarely seen in isolation and are limited in clinical significance.[@b14-opto-8-023],[@b15-opto-8-023]

Another important distinction in anterior uveitis is to under-stand the acute course versus the chronic course of the disease. According to the Standardization of Uveitis Nomenclature criteria, acute or limited cases refer to an episode of \<3 months duration, while chronic or persistent cases extend beyond that time frame.[@b12-opto-8-023] This division is important clinically, as the etiology and management strategy differ between the two.[@b11-opto-8-023] The symptoms of chronic anterior uveitis are generally less severe, more commonly granulomatous in nature, and more likely to be accompanied by signs of chronicity, including band keratopathy and iris changes such as atrophy and lenticular changes.[@b11-opto-8-023] Recurrent anterior uveitis refers to relapsing inflammation separated by \>3 months without treatment.[@b12-opto-8-023]

The pathology of an anterior uveitis can be either granulomatous or nongranulomatous. Granulomatous inflammation is associated with large, mutton-fat keratic precipitates (KPs) composed mainly of epitheloid cells on the corneal endothelium.[@b13-opto-8-023] Granulomatous uveitis tends to be chronic and is often associated with systemic conditions and autoimmune reactions.[@b9-opto-8-023] It may also be associated with infectious etiologies such as syphilis, Lyme disease, tuberculosis (TB), and herpetic viral infections.[@b9-opto-8-023] Herpetic infections usually cause nongranulomatous uveitis in acute cases and granulomatous uveitis in chronic cases.[@b9-opto-8-023] Nongranulomatous inflammation, by contrast, tends to be associated with smaller lymphocytic cells in the anterior chamber.[@b9-opto-8-023] It is most often acute and idiopathic or associated with human leukocyte antigen B27 (HLA-B27) conditions.[@b16-opto-8-023] While this distinction is useful in directing treatment and targeting a systemic workup, a granulomatous uveitis may initially present as nongranulomatous, as may the reverse.[@b17-opto-8-023]

Laterality is another element that should be considered when diagnosing and -- ultimately -- when considering a systemic workup for anterior uveitis patients. Following a similar pattern to granulomatous versus nongranulomatous inflammation, bilateral presentations tend to be associated with chronic, systemic conditions, whereas unilateral conditions tend to be acute and idiopathic or infectious.[@b9-opto-8-023]

The final diagnostic element involves the clinical features of the inflammation. Presenting signs and symptoms can give you important diagnostic clues as to the underlying etiology. The most common patient symptom is blurry vision, secondary to cells and flare in the aqueous.[@b13-opto-8-023] Pain and photophobia are also common, owing mainly to ciliary muscle spasm, though anterior chamber infiltration, corneal epithelial edema, and pupillary muscle involvement can also contribute to light sensitivity.[@b13-opto-8-023] Pain is generally described as dull, aching, or throbbing and referred to the temple or periorbital region.[@b13-opto-8-023] Pain may be more localized and severe if associated with elevated intraocular pressure (IOP).[@b18-opto-8-023] There is a notable absence of mucopurulent discharge, which may help to differentiate this condition from other forms of anterior segment inflammation.[@b9-opto-8-023] In cases of chronic uveitis, the patient may be completely free of symptoms, and the inflammation may be noted on routine evaluation.

Common presenting signs of acute anterior uveitis include circumlimbal injection and anterior chamber cells and flare. Circumlimbal injection is secondary to the enlargement of episcleral vessels adjacent to the inflamed ciliary body.[@b13-opto-8-023] The patient may also present with diffuse injection or a mixed pattern.[@b17-opto-8-023] Cells and flare in the aqueous are due to inflammatory cells and protein in the anterior chamber. Anterior chamber cells are diagnostic of anterior uveitis and may or may not be accompanied by flare.[@b13-opto-8-023] Flare does not necessarily indicate active inflammation, as chronic uveitis can cause damage to the vasculature of the iris and ciliary body thus increasing protein permeability.[@b14-opto-8-023] If cells are adequately dense, a hyopyon may form, which is a collection of inflammatory cells collecting inferiorly in the anterior chamber.[@b17-opto-8-023] To visualize the cells and flare, the anterior chamber must be observed with a small beam (1 mm) with high illumination and magnification. The Standardization of Uveitis Nomenclature (SUN) Working Group developed a grading scheme for both anterior chamber cells and flare. The SUN grading scheme for anterior chamber cells is clinically evaluated with a 1 mm beam and includes: Grade 0, \<1 cells in the field; Grade 0.5+, 1--5 cells in the field; Grade 1+, 6--15 cells in the field; Grade 2+, 16--25 cells in the field; Grade 3+, 25--50 cells in the field; and Grade 4+, \>50+ cells in the field. The SUN grading scheme for anterior chamber flare includes: Grade 0, none; Grade 1+, faint; Grade 2+, moderate (iris and lens detail clear); Grade 3+, marked (iris and lens detail hazy); and Grade 4+, intense (fibrin/plastic aqueous).[@b12-opto-8-023],[@b13-opto-8-023],[@b17-opto-8-023] Grading the level of inflammation is critical in initiating and monitoring the response to treatment. Flare may additionally be visualized by laser flare photometry, which may play a role moving forward in providing a qualitative method to measure and follow anterior chamber inflammation.[@b17-opto-8-023] In addition to cellular entities in the anterior chamber, there are often also cellular deposits on the endothelium known as KPs.[@b17-opto-8-023] Their appearance can be of great diagnostic importance in differentiating the etiology of the inflammation. Fine KPs are generally associated with nongranulomatous inflammation, whereas larger, greasy, mutton-fat KPs are associated with granulomatous inflammation.[@b13-opto-8-023] Pigmented KPs on the endothelium are indicative of a prior episode or chronic inflammation.[@b13-opto-8-023] There is currently research underway using confocal biomicroscopy to further differentiate subtypes of KPs that will hopefully help us better differentiate between infectious or noninfectious subtypes. KPs should be classified based on appearance: globular, infiltrating, infectious, smooth-rounded, granulomatous, stippled, dendritiform, infectious, and crusciform.

Another important structure in the evaluation of anterior uveitis is the iris. Miosis can occur secondary to spasm of the iris sphincter or distention of iris vessels.[@b18-opto-8-023] Iris nodules are indicative of granulomatous inflammation and are seen in two forms -- Busacca nodules are seen on the anterior stroma while Koeppe's nodules are seen at the pupillary margin. Both are composed of leukocytes and should be differentiated from infected nodules.[@b13-opto-8-023] Busacca nodules are more commonly seen in granulomatous forms of anterior uveitis, whereas Koeppe's nodules are seen in both granulomatous and nongranulomatous anterior uveitis.[@b13-opto-8-023] With chronic inflammation and ischemia, iris atrophy can develop.[@b13-opto-8-023] Posterior synechiae -- adhesions between the lens and the iris -- can ultimately extend 360°, preventing the flow of aqueous via this route. Finally, neovascularization of the iris stroma can occur with prolonged inflammation.[@b13-opto-8-023]

Patients with anterior uveitis can have altered IOP. There are several mechanisms that can contribute to these changes. The first and most commonly encountered is IOP reduction. This occurs when the ciliary body becomes inflamed, resulting in low production of aqueous humor at the ciliary body.[@b13-opto-8-023],[@b17-opto-8-023] IOP can become elevated if aqueous humor out-flow is hindered through the trabecular meshwork (TM) as with trabeculitis or when inflammatory cells and pigment clog the TM. A more severe complication is when the IOP elevates due to peripheral anterior synechiae obstructing the TM or if posterior synechiae creates pupillary block.[@b13-opto-8-023],[@b17-opto-8-023] Other mechanisms of elevated IOP include long-term steroid treatment or neovascularization, which can also occur in the angle and may cause a rise in IOP due to secondary angle closure.[@b17-opto-8-023] Fortunately, iris rubeosis in uveitis tends to be less severe and more reversible than ischemic neovascularization and usually resolves after therapy.[@b13-opto-8-023],[@b17-opto-8-023]

Finally, any evaluation of a patient with anterior uveitis should include a dilated fundus examination. Not only can uveitis cause secondary effects on the lens or spillover inflammation, but also posterior segment findings indicate a panuveitis, which is a distinct -- and significantly more serious -- condition requiring immediate referral and a different treatment/management approach. A dilated fundus examination will help determine if there are signs of true intermediate or posterior uveitis with spillover, such as snowballs or snowbanking, inflammation of the optic nerve or along blood vessels, or active lesions of the retina and/or choroid.

By characterizing uveitis as anterior or posterior, acute or chronic, granulomatous or nongranulomatous, unilateral or bilateral, and by noting important clinical signs and symptoms, the primary care practitioner is able to formulate an appropriate diagnosis that is suggestive of an infectious or noninfectious underlying etiology, which will help the clinician devise a targeted work up. Furthermore, they can devise a targeted systemic workup to minimize cost and inconvenience to the patient. Finally, it allows them to initiate a thoughtful treatment tailored to specific aspects of the patient's clinical presentation. Accurate -- and complete -- diagnosis is a critical first step in the management of the patient with anterior uveitis.

Systemic associations
=====================

Although the majority of uveitic cases are idiopathic (48%--70%),[@b11-opto-8-023],[@b19-opto-8-023] there is a diverse set of etiologies that span a wide spectrum of infectious and noninfectious causes. A complete review of systems helps guide the systemic evaluation of a patient with anterior uveitis ([Table 1](#t1-opto-8-023){ref-type="table"}). Systemic consideration for an underlying etiology is suspected when the uveitis is bilateral, granulomatous, recurrent, intermediate and/or posterior, or presents with minimal signs and symptoms.[@b11-opto-8-023],[@b20-opto-8-023]--[@b22-opto-8-023] The following section reviews some of the more common underlying etiologies for anterior uveitis.

Immune-mediated (noninfectious) causes
--------------------------------------

HLA-B27 seronegative spondyloarthropathies are a group of inflammatory disorders with negative rheumatoid factor and are associated with HLA-B27, a class I major histocompatibility complex.[@b23-opto-8-023]--[@b27-opto-8-023] It is the most common noninfectious etiology of anterior uveitis accounting for up to 50% of acute and recurrent anterior uveitis cases.[@b27-opto-8-023] Patients will usually present with a recurrent unilateral, bilateral, or alternating nongranulomatous anterior uveitis and may have fine endothelial KPs.[@b23-opto-8-023]--[@b27-opto-8-023] The HLA-B27 seronegative spondyloarthropathies include ankylosing spondylitis, reactive arthritis syndrome, psoriatic arthritis, inflammatory bowel disease (IBD).

Ankylosing spondylitis is a chronic systemic disease of unknown cause. It is characterized by inflammation of both sacroiliac joints and the spine. The most common extra-articular manifestation is anterior uveitis, occurring in 25% of patients with ankylosing spondylitis.[@b28-opto-8-023] Reactive arthritis syndrome, previously known as Reiter syndrome, presents as the classic triad of arthritis, urethritis, and conjunctivitis. In total, 3%--12% of these patients present with uveitis.[@b29-opto-8-023] Psoriatic arthritis has classically been defined as the triad of psoriasis (skin and/or nail), chronic recurrent erosive polyarthritis, and a negative test for rheumatoid factor.[@b30-opto-8-023]--[@b32-opto-8-023] IBD encompasses a variety of different conditions, the two most common being Crohn's disease and ulcerative colitis, both characterized by chronic inflammation of the gastrointestinal tract, with unknown etiology. In Crohn's disease, the entire intestinal tract (mouth to anus) is affected, predominantly the ileum and cecum of the small intestine. Ulcerative colitis affects predominantly the rectosigmoid region of the large intestine.[@b33-opto-8-023] In patients with IBD, the uveitis may have an insidious onset.[@b34-opto-8-023],[@b35-opto-8-023]

Juvenile idiopathic arthritis (JIA) is the most common form of arthritis in children and adolescents with unknown etiology. It is an umbrella term wherein there are seven categories of JIA. The majority of JIA-associated uveitis patients have oligoarticular onset JIA (78%--90%), while 7%--14% have the polyarticular variety.[@b36-opto-8-023] As uveitis in JIA can present in a quiet eye, recommended screening guidelines as per Cassidy et al[@b37-opto-8-023] is 3 months for high-risk JIA patients, 6 months for moderate-risk JIA patients, and 12 months for low-risk JIA patients.[@b36-opto-8-023] In total, 37.3% of JIA-associated uveitis patients experience complications from the disease or associated steroid treatment, such as cataract, posterior synechiae, band keratopathy, glaucoma, or macular edema (listed in decreasing order of incidence).[@b38-opto-8-023] Patients with JIA typically present with an acute recurrent unilateral or bilateral nongranulomatous anterior uveitis, with or without symptoms.[@b39-opto-8-023]

Sarcoidosis is a multisystem disease of unknown origin, where the hallmark sign is noncaseating granulomatous inflammation. It predominantly affects the lungs, and ocular involvement is present in up to 50% of patients.[@b40-opto-8-023]--[@b43-opto-8-023] Anterior uveitis is the most common ocular sequelae, which is typically bilateral, chronic, and granulomatous. The granulomatous nature of the uveitis is characterized by mutton-fat KPs, TM inflammation, and iris nodules.[@b40-opto-8-023]--[@b43-opto-8-023] Up to 25% of patients with ocular sarcoidosis develop posterior involvement, including vitritis, intermediate uveitis snowballs, periphlebitis, panuveitis, optic nerve involvement, granulomas along vessels "candle wax drippings", and cystoid macular edema.[@b40-opto-8-023]--[@b43-opto-8-023]

Systemic lupus erythematous (SLE) is a multisystem auto-immune disease characterized by the production of autoanti-bodies targeted against cell nuclei (antinuclear antibodies), a type III hypersensitivity reaction. SLE is most commonly associated with scleritis, episcleritis, secondary Sjogren's syndrome, lupus retinopathy, and choroidopathy.[@b44-opto-8-023],[@b45-opto-8-023] Anterior uveitis seldom occurs in isolation and is more commonly associated with scleritis or posterior uveitis.[@b46-opto-8-023]

Behcet's disease is a chronic, relapsing inflammatory disorder of unknown etiology, characterized by the classic triad of oral and genital ulcers, ocular inflammation, and skin lesions. It is associated with HLA-B51.[@b47-opto-8-023],[@b48-opto-8-023] Patients with Behcet's disease typically present with a nongranulomatous anterior and/or posterior uveitis, KPs, and posterior synechiae. In total, 19%--31% of these cases present with a hypopyon.[@b49-opto-8-023],[@b50-opto-8-023]

Vogt--Koyanagi--Harada disease is a multisystem auto-immune disorder involving the ocular, auditory, central nervous, and integumentary organ systems. It affects the pigmented tissues within these structures, due to a T-cell-mediated immune response to self-antigens on melanocytes. It presents as a chronic, bilateral, diffuse, granulomatous uveitis.[@b51-opto-8-023]--[@b53-opto-8-023]

Fuch's heterochronic iridocyclitis (FHI) is characterized by a low-grade chronic, unilateral, nongranulomatous uveitis of unknown etiology. Recent studies suggest that rubella may be a possible cause of FHI. The uveitis in patients with FHI usually presents with fine stellate endothelial KPs, iris atrophy with or without heterochromia, abnormal angle vessels, and without posterior synechiae, and patients are usually asymptomatic. The most severe sequelae include glaucoma and cataracts.[@b54-opto-8-023],[@b55-opto-8-023]

Multiple sclerosis (MS) is an autoimmune demyelinating disease of the central nervous system. Although the most notable ocular manifestation of this disease is optic neuritis (40%--73% of patients with MS will develop optic neuritis), it has been reported that 0.4%--26.9% of patients with MS will develop uveitis.[@b56-opto-8-023]--[@b58-opto-8-023] It is most common for patients with MS to present with an intermediate uveitis, pars planitis with or without granulomatous anterior uveitis with mutton-fat KPs (although rare to have anterior uveitis is this condition).

Infectious causes
=================

Bacterial/spirochete
--------------------

Cat-scratch disease (*Bartonella*) occurs in immunocompetent individuals of all ages worldwide. It is the leading cause of regional lymphadenopathy in children and young adults. Patients will present with tender, swollen lymph nodes at or near the site of the bite or scratch. It is the most common cause of neuroretinitis. Other forms of ocular inflammation include intermediate uveitis, anterior uveitis, conjunctivitis, retinal vasculitis, and orbital abscess.[@b59-opto-8-023]--[@b61-opto-8-023]

Lyme disease (*Borrelia*) is a multisystem disorder caused by the spirochete *Borrelia bergdorferi* infection and its sequelae and is transmitted via tick bites. In the USA, cases are highly concentrated in the northeast, mid-Atlantic, and upper midwest regions.[@b62-opto-8-023],[@b63-opto-8-023] There are three stages of Lyme disease: the early stage, disseminated stage, and persistent stage. In the early stage of the disease, 60%--80% of patients present with the classic "Bull's eye" red macular rash at the site of the tick bite 2--28 days after the bite.[@b64-opto-8-023] Fever, malaise, fatigue, arthralgias, and myalgias often accompany the rash. The disseminated stage occurs several weeks after the initial exposure, and the patients may develop skin, nervous system, joint, heart, and eye problems. The skin, nervous system, and joints are affected at the persistent stage of this disease. Late neurologic involvement manifests as subacute or chronic encephalopathy, with subtle memory and cognitive dysfunction, progressive encephalomyelitis with white matter lesions, and peripheral neuropathy. Uveitis may be present at the disseminated and persistent stages of the disease; anterior uveitis, intermediate uveitis, posterior uveitis, neuroretinitis, retinal vasculitis, choroiditis, and panuveitis have all been reported.[@b65-opto-8-023]--[@b69-opto-8-023]

Syphilis is a sexually transmitted infection of the spirochete bacterium, *Treponema pallidum*. It has the potential to cause morbidity to any of the major organs of the body and can reveal itself at any time, lending to its name as the "Great Masquerader". If untreated, it will progress through four stages.[@b70-opto-8-023]--[@b72-opto-8-023] With primary syphilis, a chancre at the inoculation site will be present from 2 to 6 weeks after infection. Uveitis does not typically present at this stage. Secondary syphilis occurs 4--10 weeks after infection. A disseminated maculopapular rash on the palms of hands and soles of feet and lymphadenopathy are the most common clinical manifestations; however, fever, malaise, headache, nausea, anorexia, hepatitis, and meningitis can occur. Approximately 10% of cases with secondary syphilis present with uveitis.[@b70-opto-8-023]--[@b72-opto-8-023] Patients with latent syphilis have no evidence of systemic disease. The patient is not contagious, and the disease is not detectable. One-third of patients will progress to tertiary syphilis, which is the most common stage in syphilis to present with uveitis.[@b73-opto-8-023]--[@b75-opto-8-023] Once a patient has tertiary syphilis, he/she may have cardiovascular syphilis, neurosyphilis, or benign tertiary syphilis. Uveitis is often present in patients with tertiary syphilis. Anterior uveitis in patients with syphilis may present as unilateral or bilateral, granulomatous, or nongranulomatous with or without iris nodules, dilated iris vessels, and iris atrophy. Uveitis may manifest during any stage of syphilis. Patients with syphilis may present with posterior uveitis as diffuse or focal chorioretinitis, neuroretinitis, necrotizing retinitis, retinal vasculitis, intermediate uveitis, or panuveitis.[@b73-opto-8-023]--[@b75-opto-8-023]

TB is an airborne infectious disease caused by *Mycobacterium tuberculosis*. It commonly affects the lungs. The classic presentation of an active TB infection includes chronic cough, fever, night sweats, and weight loss. Granulomas may be noted on the iris, angle, or choroid. Uveitis may present in active TB and in patients with or with-out systemic TB symptoms.[@b76-opto-8-023] Uveitis is the most common ocular manifestation of TB. The most common uveitis seen in TB is disseminated chorioretinitis, but it can also present as acute anterior uveitis, chronic granulomatous anterior uveitis, intermediate uveitis, vitritis, or endophthalmitis. Broad-based posterior synechiae and retinal vasculitis are common with the uveitis presentation.[@b77-opto-8-023]--[@b81-opto-8-023]

Viral
-----

Viral infections are the most common infectious underlying etiology of anterior uveitis. Increased IOP, iris atrophy, and unilateral presentations are common with viral etiologies. Herpes simplex 1 and 2 are ubiquitous in humans and acquired via direct contact with active infection. In most patients, this virus remains latent in neural ganglia, most notably the trigeminal ganglia. Virus reactivation can be induced by stress, UV exposure, and illness or found in immunocompromised individuals. Virus reactivation usually results in fever and malaise with eruption of skin vesicles along the neural dermatome. Anterior uveitis that occurs with HSV is usually unilateral, granulomatous, or nongranulomatous, with elevated IOP due to concomitant trabeculitis. It may also present with intermediate uveitis, posterior uveitis, or panuveitis.[@b82-opto-8-023]--[@b84-opto-8-023] With intermediate and posterior involvement, uveitis treatment may include oral corticosteroids, oral or intravenous antivirals, and/or glaucoma medications.

Varicella zoster virus (VZV), human herpesvirus 3, primary infection is termed "chicken pox", although with the Varivax vaccine (Merck & Co, Inc., Whitehouse Station, NJ, USA) the incidence of chicken pox in children has significantly decreased since the mid-1990s. VZV remains dormant in neural ganglia and, when reactivated, causes herpes zoster (HZ). HZ typically manifests as unilateral pain in a dermatomal distribution accompanied by a maculopapular vesicular rash. When reactivated along the trigeminal nerve, it is termed herpes zoster ophthalmicus.[@b84-opto-8-023]--[@b88-opto-8-023] Uveitis occurs in \~20% of herpes zoster ophthalmicus patients and usually occurs 1--3 weeks after the initial presentation.[@b25-opto-8-023],[@b28-opto-8-023] Less common findings of HSV and VZV include retinitis, multifocal choroiditis, acute retinal necrosis, and progressive outer retinal necrosis.[@b88-opto-8-023] Epstein--Barr virus, human herpesvirus 4, is ubiquitous in humans and is the cause of infectious mono-nucleosis (IM). It is also associated with certain cancers, including Hodgkin's lymphoma, Burkitt's lymphoma, and nasopharyngeal carcinoma, and some that are associated with human immunodeficiency virus (HIV), including hairy leukoplakia and central nervous system lymphomas. It has also been linked to a higher risk of autoimmune diseases. Uveitis is generally found during primary infection during IM.[@b89-opto-8-023],[@b90-opto-8-023] Cytomegalovirus (CMV), human herpesvirus 5, is ubiquitous in humans and can cause major morbidity and mortality in immunocompromised patients. The most common manifestation is CMV retinitis, now rarely seen in patients with HIV/AIDS with the now frequent use of highly active antiretroviral therapy. In rare instances, immunocompetent individuals may present with unilateral, hypertensive, chronic, or recurrent uveitis due to CMV. The uveitis that presents with CMV is clinically identical to that which is seen with HSV and VZV. Anterior uveitis can present as unilateral, hypertensive, granulomatous, or nongranulomatous and that can be chronic or recurrent.[@b91-opto-8-023]--[@b95-opto-8-023]

HIV is a retrovirus that infects CD4+ T-lymphocytes, a part of cell-mediated immunity. Most opportunistic infections occur when the CD4+ count is \<200 cells/µL, with the most severe infections occurring when \<50 cells/µL, including but not limited to CMV retinitis, VZV retinitis, presumed ocular histoplasmosis syndrome, syphilis, toxoplasmosis, and intraocular lymphoma.[@b96-opto-8-023],[@b97-opto-8-023] Along with these opportunistic infections that have previously been covered, patients can develop immune recovery uveitis and iatrogenic uveitis. Immune recovery uveitis typically occurs in patients who have previously had CMV retinitis 2--16 weeks after bringing CD4+ counts \>100 cells/µL with highly active anti-retroviral therapy. The uveitis presents as increased anterior chamber reaction with vitreous haze, causing a reduction in visual acuity.[@b78-opto-8-023],[@b79-opto-8-023] Few of these patients develop a panuveitis and posterior segment sequelae. Iatrogenic uveitis was first described with the use of rifabutin, which typically manifests as a panuveitis, occasionally with hypopyon, cystoid macular edema, and retinal vasculitis. With topical steroids and discontinuation of the drug, this uveitis typically resolves within days. Intravitreal or intravenous cidofovir can also induce anterior uveitis, occasionally with hypotony and occasionally with an associated vitritis.[@b75-opto-8-023],[@b93-opto-8-023],[@b98-opto-8-023]--[@b100-opto-8-023]

Fungal
------

Presumed ocular histoplasmosis syndrome is classically defined by the triad of peripapillary atrophy, retinal chorioretinal atrophy "punched out histo spots", and maculopathy without vitritis. There is a high incidence along the Ohio--Mississippi river valley within the USA.[@b101-opto-8-023]--[@b103-opto-8-023]

Parasitic
---------

Toxoplasmosis is caused by the parasite *Toxoplasma gondii* and is the leading cause of posterior uveitis worldwide.[@b104-opto-8-023] It is spread through eating undercooked meat or from exposure to cat feces. Classically, toxoplasmosis presents as a yellow-white or gray exudative chorioretinal lesion with ill-defined borders in the retina with a marked vitritis. This is known as "headlight-in-the-fog". Anterior uveitis may also be present, usually with a granulomatous response, including mutton-fat KPs, posterior synechiae, iris nodules, and fibrin deposition.[@b105-opto-8-023]--[@b107-opto-8-023]

Toxocariasis is an infectious disease caused by the larvae of the parasites *Toxocara canis* or *Toxocara cati* that are present in the small intestine of dogs and cats, respectively. The larvae reach the eye via the bloodstream and deposit, most commonly, in the retina. This results in a posterior granulomatous response. The posterior granuloma is a hazy, white elevated lesion with vitritis. Chronic endophthalmitis with associated retinal detachment, low-grade anterior uveitis, posterior synechiae, and hypopyon may also be evident. Papillitis, macular edema, and vitreous exudates are also associated findings. If present in a child, the chief complaint may not be reduced visual acuity, but leukocoria.[@b108-opto-8-023]--[@b111-opto-8-023]

Masquerade and drug-induced uveitis
-----------------------------------

Lymphoma is an underlying etiology of anterior uveitis in the masquerade category, which is common in elderly patients with chronic anterior uveitis cases. The list is exhaustive of medications that can cause uveitis. Some of the more common medications are discussed. Drug-induced uveitis is almost always reversible within weeks when the medication is discontinued and topical treatment is initiated. Rifabutin has been shown to cause panuveitis. Cidofovir can also induce anterior uveitis, occasionally with hypotony and with an associated vitritis.[@b94-opto-8-023],[@b112-opto-8-023] Bisphosphonates (ie, zoledronate and pamidronate) inhibit bone resorption that are used in the management of osteoporosis, multiple myeloma, osteogenesis imperfecta, Paget's disease of the bone, and other disorders of fragility of bones. The drugs in this class can cause nongranulomatous anterior uveitis, usually occurring in the first 24--48 hours.[@b113-opto-8-023] Tumor necrosis factor-alpha inhibitors (ie, etanercept and adalimumab) are used in autoimmune and immune-mediated disorders such as rheumatoid arthritis, ankylosing spondylitis, IBD, and psoriasis. Our patients who are at risk of developing immune-mediated uveitis can be on medications that can induce uveitis. The uveitis is generally nongranulomatous anterior uveitis.[@b114-opto-8-023]

Laboratory testing
==================

Ordering the appropriate laboratory testing is imperative not only to treat uveitis itself but also to ensure that the patient is receiving the appropriate systemic care for an underlying disorder that they may, or may not, know they have as well as addressing public health concerns. It is now a standard of care to order/refer for the appropriate laboratory testing when there is suspicion for an underlying systemic condition. Most practitioners discourage a "shotgun" approach to laboratory testing, as there can be a struggle to find meaning in a mix of results that can be misleading. [Table 2](#t2-opto-8-023){ref-type="table"} shows the complete laboratory reference.

As up to 50% of acute unilateral, anterior nongranulomatous uveitis is idiopathic, the majority of cases do not require an extensive workup. Laboratory testing should be considered when the uveitis is recurrent, chronic, bilateral, granulomatous, nonresponsive to treatment, intermediate, posterior, or with children younger than 15 years old.[@b3-opto-8-023],[@b4-opto-8-023],[@b10-opto-8-023],[@b11-opto-8-023] A basic blood workup for an anterior uveitis includes an HLA-B27, rapid plasma regain, fluorescent treponemal antibody absorption, Lyme Ab, and chest X-ray depending on geographic location. For intermediate uveitis, a magnetic resonance imaging may be necessary if the patient has neurologic signs or symptoms to rule out MS. For posterior or panuveitis, a HLA-B27 is not necessary.[@b3-opto-8-023],[@b4-opto-8-023],[@b10-opto-8-023],[@b11-opto-8-023] If the uveitis appears on examination to be infectious (toxoplasmosis or toxocariasis), the appropriate antibody should be obtained. [Table 3](#t3-opto-8-023){ref-type="table"} outlines the appropriate testing to be ordered once a thorough review of systems and a thorough ophthalmologic examination is complete. Obtaining a rheumatoid factor in anyone or an antinuclear antibody in adult is usually unnecessary. The exception might be an antinuclear antibody in a child with anterior uveitis and concern for juvenile rheumatoid arthritis. Note that rheumatoid arthritis and SLE are typically associated with scleritis, not uveitis.[@b3-opto-8-023],[@b4-opto-8-023],[@b10-opto-8-023],[@b11-opto-8-023]

Treatment
=========

When determining the management approach for a patient with anterior uveitis, the practitioner should attempt to determine the etiology of the inflammation to establish both short-term and long-term control of the inflammation. The first step at uncovering an etiology is to discuss with the patient a thorough review of systems. The second step is to determine whether the anterior uveitis is acute, recurrent, or chronic, which is often established during case history.[@b3-opto-8-023],[@b4-opto-8-023],[@b9-opto-8-023]--[@b14-opto-8-023] There are several examination findings that may suggest that a patient had a prior episode of iritis, including remnants of KPs, pigment clumps on the anterior lens capsule, posterior synechiae, and anterior synechiae.[@b3-opto-8-023],[@b4-opto-8-023] The presence of band keratopathy and loss of contour to the iris face may suggest that the presenting uveitis is more chronic in nature.[@b3-opto-8-023],[@b4-opto-8-023] The next step is to determine whether the uveitis is unilateral or bilateral, which can usually be determined based on history and through examination. However, this may be difficult when a patient presents with an acute uveitis in one eye and has a history and/or examination findings consistent with a previous episode in the fellow eye. The fourth step is to determine whether the anterior uveitis is granulomatous or nongranulomatous, which is determined through examination.[@b3-opto-8-023],[@b4-opto-8-023] The presence of KPs or iris nodules would indicate that the uveitis is granulomatous.[@b3-opto-8-023],[@b4-opto-8-023],[@b9-opto-8-023]--[@b14-opto-8-023] Once an etiology has been established, appropriate treatment may commence.

Initial treatment of anterior uveitis involves topical corticosteroids. The most common topical corticosteroid prescribed for the treatment of anterior uveitis is prednisolone acetate 1%, followed by dexamethasone 0.1% and prednisolone sodium phosphate 1%.[@b3-opto-8-023],[@b4-opto-8-023],[@b116-opto-8-023]--[@b118-opto-8-023] When a patient presents with an acute anterior uveitis, the eye care practitioner should prescribe corticosteroids hourly while the patient is awake for at least 1 week in duration.[@b3-opto-8-023],[@b4-opto-8-023],[@b115-opto-8-023]--[@b118-opto-8-023] Difluprednate 0.05% emulsion is a difluorinated prednisolone derivative that may be dosed four times daily and has been found to be similar in efficacy as compared to prednisolone acetate 1% when dosed eight times daily.[@b115-opto-8-023]--[@b118-opto-8-023] ([Table 4](#t4-opto-8-023){ref-type="table"} shows commercially available topical corticosteroids).

Patients are typically scheduled for a follow-up after 1 week of treatment with corticosteroids. During this visit and each subsequent visit, the number of anterior chamber cells/high-power field (HPF) should be half of what it was at the initial examination.[@b3-opto-8-023],[@b4-opto-8-023],[@b116-opto-8-023] If the number of cells is not decreasing, then the primary eye care practitioner should suspect one of two things: the patient is either not using the drops correctly or an infectious etiology should be suspected, such as herpes. It is also important that the patient properly shake the steroid suspension as failure to do so may result in a subtherapuetic response.[@b3-opto-8-023],[@b4-opto-8-023],[@b64-opto-8-023]--[@b66-opto-8-023] The patient should continue hourly instillation of topical corticosteroids with weekly follow-up visits until there are five or fewer cells/HPF. Once five or fewer cells/HPF are present in the anterior chamber, the frequency of drop instillation should be reduced to every 2 hours.[@b3-opto-8-023],[@b4-opto-8-023],[@b116-opto-8-023]--[@b118-opto-8-023] At each subsequent visit, the inflammation should continue to improve. Once the inflammation is reduced and is showing signs of continual improvement, the follow-up examination schedule can be lengthened to every 2 weeks. The proper tapering schedule of topical corticosteroids is one drop every 2 hours for 2 weeks, one drop four times per day for 2 weeks, one drop three times per day for 2 weeks, one drop two times per day for 2 weeks, one drop one time per day for 2 weeks, and then topical therapy should be discontinued.[@b3-opto-8-023],[@b4-opto-8-023] If the disease flares at any time during the follow-up process or the inflammation begins to increase, the primary eye care practitioner should consider either a slower taper or a referral for periocular corticosteroid injections.[@b116-opto-8-023]--[@b118-opto-8-023] Cycloplegia, typically homatropine 5%, is also commonly prescribed one drop twice daily until there are fewer than five cells/HPF in the anterior chamber and then it is discontinued.[@b3-opto-8-023],[@b4-opto-8-023],[@b116-opto-8-023]--[@b118-opto-8-023] Cycloplegia helps to lessen the pain a patient may experience that results from increased ciliary spasm. Cycloplegia also reduces the risk of posterior synechia development.[@b3-opto-8-023],[@b4-opto-8-023],[@b116-opto-8-023]--[@b118-opto-8-023]

In certain cases, additional therapies may be needed in conjunction with topical corticosteroid and cycloplegic therapies. In all cases of anterior uveitis, it is imperative to determine whether the inflammation also includes posterior involvement, and for this reason, all patients who present with an anterior uveitis should have a dilated fundus examination. Patients who are HLA-B27 positive may have a hypopyon present along with their inflammation and often need many weeks of hourly corticosteroids before a taper is started. In addition to hourly topical corticosteroids, these patients may also be prescribed oral corticosteroids, which is equivalent to prednisone 1 mg/kg/d for the first 7 days or periocular injections (dexamethasone 2 mg, 0.5 mL).[@b3-opto-8-023],[@b4-opto-8-023],[@b116-opto-8-023]--[@b118-opto-8-023] Patients who present with a hypopyon need to have the steroids tapered by one increment each month as it can recur rapidly without the slow taper.[@b3-opto-8-023],[@b4-opto-8-023],[@b115-opto-8-023]--[@b118-opto-8-023] Patients with an iritis secondary to herpes (often have transillumination defects) should have an oral antiviral added to their therapy. Suspicion of herpetic etiology -- especially elevated IOP in the affected eye war-rants prophylactic treatment with oral antivirals. Acyclovir 400 mg (800 mg for zoster) five times per day, valacyclovir 500 mg (1,000 mg for zoster) three times per day, or famciclovir 500 mg three times per day are all acceptable dosages to effectively treat patients with active herpes infections and ocular inflammation.[@b82-opto-8-023]--[@b88-opto-8-023] Antiviral coverage can be reduced to two times per day for acyclovir or one time per day for valacyclovir or famciclovir once the ocular inflammation is showing signs of reduction and once the patient's corticosteroid therapy has been tapered to one drop, three times per day.[@b82-opto-8-023]--[@b88-opto-8-023] Long-term control can be extremely difficult in patients with anterior uveitis. The goal of long-term therapy is to keep the eye free of inflammation, which is the most challenging aspect in managing uveitis. In many cases of anterior uveitis, long-term therapy is not necessary, and the inflammatory process will not recur. However, in some instances, the iritis may recur during the initial corticosteroid taper or within 3 months of stopping it.[@b3-opto-8-023],[@b4-opto-8-023],[@b115-opto-8-023]--[@b118-opto-8-023] Corticosteroids are an acceptable option of maintaining long-term control of the inflammation if the dose required is low (three times per day or lower) and likely to be well tolerated, and the patient's iritis is not believed to be associated with a systemic disease.[@b3-opto-8-023],[@b4-opto-8-023],[@b116-opto-8-023]--[@b118-opto-8-023] IOP in corticosteroid responders should be identified and closely monitored.[@b3-opto-8-023],[@b4-opto-8-023],[@b116-opto-8-023]--[@b118-opto-8-023] Immunomodulatory therapy may be used for the long-term control of uveitis when patients cannot tolerate corticosteroids either because of increased IOP or early cataract formation or in the setting of systemic disease.[@b3-opto-8-023],[@b4-opto-8-023],[@b116-opto-8-023]--[@b118-opto-8-023]

Conclusion
==========

When a patient presents clinically with an acute or chronic presentation of anterior uveitis, the primary eye care practitioner is responsible for completing a thorough examination to determine an appropriate etiology for the diagnosis. By understanding the diagnosis and underlying etiology to the best of one's ability allows for the practitioner to effectively manage the disease in a targeted manner versus solely treating the presenting clinical signs and symptoms. Making an appropriate diagnosis of anterior uveitis is based on a complete review of systems, an understanding of systemic diseases, and laboratory testing. Laboratory testing should be tailored to a specific diagnosis or diagnoses rather than ordering a general battery of testing. Once a list of diagnoses has been made, a targeted approach to treatment can be pursued, or the decision may be made to refer to our ophthalmology colleagues. Treatment should be customized to each patient as suboptimal treatment may lead to complications and loss of vision.
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###### 

Review of systems to be included with any patient that presents with uveitis

  System             Review of systems: questions to ask                                                                  Condition(s) to rule out
  ------------------ ---------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------
  Joints             Pain or stiffness of hands, wrists, fingers, toes, lower back, spine, other weight-bearing joints?   JIA, HLA-B27-associated disorders, RA, SLE, other collagen vascular disorders
  Skin               Rash?                                                                                                Syphilis, SLE, sarcoidosis, Behcet's disease, Kawasaki disease, Lyme disease, drug reactions
  Gastrointestinal   Abdominal discomfort, nausea, vomiting, diarrhea, or melena?                                         IBD (Crohn's disease or ulcerative colitis)
  Oral               Oral ulcers?                                                                                         SLE, Behcet's disease, IBD
  Genital            Genital ulcers?                                                                                      Behcet's disease, syphilis
  Neurologic         Headache?                                                                                            Behcet's disease, VKH syndrome, multiple sclerosis
                     Peripheral weakness or paresthesia?                                                                  
  Pulmonary          Cough?                                                                                               Sarcoidosis, tuberculosis, Wegener granulomatosis, systemic fungal infections

**Note:** Data from previous studies.[@b2-opto-8-023]--[@b4-opto-8-023],[@b9-opto-8-023]--[@b13-opto-8-023],[@b16-opto-8-023]--[@b19-opto-8-023],[@b23-opto-8-023]

**Abbreviations:** JIA, juvenile idiopathic arthritis; HLA-B27, human leukocyte antigen B27; RA, rheumatoid arthritis; SLE, systemic lupus erythematous; IBD, inflammatory bowel disease; VKH, Vogt--Koyanagi--Harada.

###### 

Review of systems and appropriate laboratory testing

  Condition                                                    Clinical signs and symptoms                                                                                     Ancillary testing
  ------------------------------------------------------------ --------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------
  Ankylosing spondylitis                                       Young male, chronic lower back pain, chest pain, muscle pain in the morning, or sitting for prolonged periods   HLA-B27, sacroiliac X-ray
  Reactive arthritis (Reiter's syndrome)                       Young male, arthritis, urethritis                                                                               HLA-B27, ESR, CRP
  Juvenile idiopathic arthritis                                Sacroiliitis                                                                                                    ANA, RF, knee radiograph
  Inflammatory bowel disease (Crohn's or ulcerative colitis)   Abdominal cramps, chronic diarrhea (more than three loose bowel movements a day, lasting more than 3 months)    HLA-B27, GI referral for endoscopy
  Sarcoidosis                                                  African American female predilection, posterior uveitis, pulmonary issues                                       ACE, chest X-ray, or CT scan
  Tuberculosis                                                 Prolonged cough, fever, chills, night sweats, weight loss                                                       PPD, chest X-ray, quantiferon gold
  Syphilis                                                     History of sexually transmitted infection                                                                       FTA-ABS, RPR, or VDRL
                                                               Primary: single chancre (painless ulceration of genitals)                                                       
                                                               Secondary: rash on palms of hands and soles of feet                                                             
                                                               Latent: no signs or symptoms                                                                                    
                                                               Tertiary: fever, malaise, headache, joint pain                                                                  
                                                               Recall, this has been known as the "great imitator"                                                             
  Toxoplasmosis                                                Immunocompromised, exposure to cats, history of eating raw meat                                                 Toxoplasma IgG or IgM for acute acquired cases
  Lyme disease                                                 Recent tick bite                                                                                                Lyme Western blot
  Wegener's granulomatosis                                     Sinus, pulmonary, kidney disease, scleritis                                                                     Antineutrophil cytoplasmic antibody, sinus films, chest X-ray, serum creatinine
  Psoriatic arthritis                                          Psoriasis with arthritis                                                                                        
  Behcet's disease                                             Oral and/or genital ulcers                                                                                      HLA-B51
  Juvenile idiopathic arthritis                                Children, mostly girls, may be asymptomatic                                                                     ANA, RF
  Herpes simplex virus 1 and 2                                 History of vesicular rash(es) with dermatomal distribution                                                      HSV IgG and IgM antibody titers (poor sensitivity)
  HIV                                                          Any unusual presentation of uveitis                                                                             Tridot analysis for HIV

**Note:** Data from previous studies.[@b2-opto-8-023]--[@b4-opto-8-023],[@b9-opto-8-023]--[@b13-opto-8-023],[@b16-opto-8-023]--[@b19-opto-8-023],[@b23-opto-8-023]--[@b56-opto-8-023]

**Abbreviations:** HLA-B27, human leukocyte antigen B27; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; ANA, antinuclear antibody; RF, rheumatoid factor; GI, gastrointestinal; ACE, angiotensin-converting enzyme; CT, computed tomography; PPD, purified protein derivative; FTA-ABS, fluorescent treponemal antibody absorption; RPR, rapid plasma regain; VDRL, venereal disease research laboratory; IgG, immunoglobulin G; IgM, immunoglobulin M; HSV, herpes simplex virus.

###### 

Blood work

  Abbreviation of test name   Complete name of test                                          Use
  --------------------------- -------------------------------------------------------------- -----------------------------------------------------------------------------------------------------------------------------------
  CBC with diff               Complete blood count with differential                         Underlying bacterial or viral etiology, WBC malignancy (leukemia or lymphoma)
  CMP                         Comprehensive metabolic panel                                  Kidney function, liver function, electrolyte and fluid balance
  ESR                         Erythrocyte sedimentation rate                                 Generalized inflammation
  CRP                         C-reactive protein                                             Inflammation
  ANA                         Antinuclear antibody                                           SLE or JIA
  RF                          Rheumatoid factor                                              RA
  HLA-B27                     Human leukocyte antigen B27                                    IBD (Crohn's or ulcerative colitis), ankylosing spondylitis, reactive arthritis (Reiter's), psoriatic arthritis, Behcet's disease
  FTA-ABS                     Fluorescent treponemal antibody absorption                     Syphilis (infected)
  RPR and VDRL                Rapid plasma regain and venereal disease research laboratory   Syphilis (screening)
  Lyme titers                                                                                Lyme disease
  ELISA                       Enzyme-linked immunosorbent assay                              Lyme disease
  ACE                         Angiotensin-converting enzyme                                  Sarcoidosis
  Serum lysozyme              Serum lysozyme                                                 Sarcoidosis
  Quantiferon gold            Quantiferon gold                                               TB
  PPD skin test               Purified protein derivative                                    TB
  CXR                         Chest X-ray                                                    TB, sarcoidosis

**Note:** Data from references.[@b2-opto-8-023]--[@b4-opto-8-023],[@b9-opto-8-023]--[@b13-opto-8-023],[@b16-opto-8-023]--[@b19-opto-8-023],[@b23-opto-8-023]--[@b56-opto-8-023]

**Abbreviations:** WBC, white blood cells; SLE, systemic lupus erythematous; JIA, juvenile idiopathic arthritis; RA, rheumatoid arthritis; IBD, inflammatory bowel disease; TB, tuberculosis.

###### 

Most commonly prescribed topical ophthalmic corticosteroids

  Drug/preparation         Common trade name (manufacturer)                 Formulation
  ------------------------ ------------------------------------------------ -----------------
  Difluprednate            Durezol (Alcon)                                  0.05% emulsion
  Dexamethasone            Dexamethasone sodium phosphate (Bausch + Lomb)   0.1% suspension
                           Maxidex (Alcon)                                  0.1% suspension
                                                                            0.1% ointment
  Prednisolone acetate     Pred Forte (Allergan)                            1.0% suspension
  Econopred Plus (Alcon)   0.12% suspension                                 
  Pred Mild (Allergan)     0.12% suspension                                 
  Fluoromethalone          FML (Allergan)                                   0.1% suspension
  Loteprednol etabonate    Lotemax (Bausch + Lomb)                          0.5% suspension
                           0.5% gel                                         
                           0.5% ointment                                    
                           Alrex (Bausch + Lomb)                            0.2% suspension

**Note:** Data from Foster and Vitale[@b4-opto-8-023] and Jabs et al.[@b12-opto-8-023]
